Background: Studies have shown that 5a-reductase inhibitors (5-ARIs) decrease the risk for low-grade prostate cancer (PC), but results are conflicting concerning high-grade PCs. The objective of the present study is to evaluate the association between 5-ARI treatment for lower urinary tract symptoms and the risk for PC. Methods: This is a population-based prospective study on all men age 40 years and older with at least one prostate-specific antigen (PSA) test in Stockholm County from January 2007 until December 2015. Data are derived from the Stockholm PSA and Biopsy Register and Prescribed Drug Register in Sweden, containing data on 5-ARI-use before diagnosis of PC. Cox proportional hazards models were used to estimate the cause-specific hazard ratios of PC for each exposure level relative to men not taking the medication. Results: Of the 333 820 men in the cohort, 23 442 (7.0%) were exposed to 5-ARI at some time during the study period of eight years. Treatment with 5-ARI decreased the risk for overall PC, and the effect was larger with longer time of exposure (0.1 to 2 years: hazard ratio [HR] ¼ 0.81, 95% confidence interval [CI] ¼ 0.71 to 0.93; 2 to 4 years: HR ¼ 0.39, 95% CI ¼ 0.32 to 0.47; 4 to 6 years: HR ¼ 0.40, 95% CI ¼ 0.31 to 0.52; and 6 to 8 years: HR ¼ 0.31, 95% CI ¼ 0.16 to 0.60). Specifically, 5-ARI decreased the risk for PC with Gleason Scores 6 and 7 but did not statistically significantly affect the long-term risk of being diagnosed with a PC with a Gleason Score of 8 to 10 with up to eight years of treatment. Conclusions: Treatment with 5-ARI for lower urinary tract symptoms is safe with respect to prostate cancer risk.
Finasteride and dutasteride are 5a-reductase inhibitors (5-ARIs) for treating benign enlargement of the prostate with good effect on lower urinary tract symptoms by blocking the conversion of testosterone to the more potent androgen dihydrotestosterone (1) . Androgens have been known as a key driver of prostate carcinogenesis for many decades. Men with congenital deficiency of type 2 5a-reductase have undetectable prostate-specific antigen (PSA) levels and small prostates and do not develop prostate cancer (2) . Two large randomized controlled trials, the Prostate Cancer Prevention Trial (PCPT) (3) and the Reduction by Dutasteride of Prostate Cancer Events (REDUCE) trial (4) , were designed to investigate the effect of finasteride (PCPT) and dutasteride (REDUCE) on prostate cancer incidence. Both trials showed a reduced risk for prostate cancer at biopsy in men treated with 5-ARI compared with men receiving placebo, 25% and 23%, respectively. However, their results also showed increased incidence of high-grade cancers (Gleason Score 8 to 10) by 0.7% and 0.5% with finasteride and dutasteride, respectively (5) . In light of these results, the US Food and Drug Administration (FDA) issued a safety warning in 2011 for a potential for increased risk of high-grade prostate cancer with the use of 5-ARI (6) . The recommendation resulted in some physicians changing their practice to reduce drug prescriptions of 5-ARIs for men who could benefit from their use (7) . However, subesquent analyses of the PCPT data found that finasteride increased the detection rate of high-grade prostate cancer by shrinking of the prostate and thereby introduced a potential detection bias (8) . Furthermore, in the 18-year follow-up of PCPT, there was no statistically significant difference in the rates of survival between the groups (9).
In current clinical practice, a large number of men are treated with 5-ARI. Given the high use of the medication and the potentially missed opportunity of treatment because of the FDA safety warning, further studies are needed to clarify the conflicting results described above. We aimed to establish if there is any alteration in prostate cancer risk for men treated in a clinical setting with 5-ARI for lower urinary tract symptoms. This analysis was done in the largest prospective populationbased cohort of men representing contemporary clinical practice with respect to 5-ARI prescription patterns, PSA levels, and prostate cancer diagnostics.
Methods

Study Design
This is a population-based prospective study with data from the Stockholm PSA and Biopsy Register, which contains information on every PSA test (n ¼ 4 242 978 as of January 2017) and prostate biopsy (n ¼ 87 036) for all men in Stockholm County since 2003. Linking to the Regional Prostate Cancer Register and the Swedish National Cancer Registers contributes clinical data including tumor stage. Data on patient characteristics, civil status, and educational level were retrieved from Statistics Sweden. Exposure to 5-ARI was obtained by linking to the Swedish drug register.
Men in Stockholm County age 40 years and older were followed between January 2007 and December 2015. During this period, the men were included in the cohort one year after their first PSA test. This one-year delay was used to remove prevalent cancers detected due to the initial PSA test and to avoid potential selection bias caused by men receiving a prostate cancer diagnosis during the clinical investigation prior to 5-ARI treatment for lower urinary tract symptoms. To be included, the men had to be free of a prostate cancer diagnosis and have no records of prior 5-ARI usage. This latter requirement (incidencebased exposure) is motivated by the strong effect these drugs have on lowering the PSA level. The men were then followed until prostate cancer, death, or the end of the study, whichever came first.
Exposure and Outcome
Information on exposure to 5-ARI included prescription and expedition dates as well as package size for Finasteride (ATC code G04CB01) and Dutasteride (ATC code G04CB02). Cumulative exposure of 5-ARI was categorized as 0.1-2, 2-4, 4-6, and 6-8 years of treatment, and each subject was considered exposed after the first expedition of the medication.
Primary outcome, Gleason Score-specific prostate cancer, was collected from prostate biopsies retrieved from three pathology units in Stockholm that are performing all histologic examinations from prostate tissue in the county. Information on Gleason Score was retrieved and categorized as Gleason Score 6, 7, and 8-10.
Statistical Methods
Cox proportional hazards models were used to estimate the cause-specific hazard ratios and P values of prostate cancer for each exposure level relative to men not taking the medication. We censored for competing event of death and, when studying Gleason Score-specific cancers, for prostate cancer of other grades. The exposure was time dependent in the sense that each subject enters the cohort unexposed and may later change his status to exposed at the first date of expedition of the drug and that we allow for the effect of the drug to vary by years of usage.
PSA is a confounder, affected both by exposure to 5-ARI and the outcome prostate cancer. Therefore, our data are presented with two adjustments. 1) Adjusted hazard ratios were controlled for age (continuous), first-degree family history of prostate cancer (yes or no), previous negative biopsies (timedependent covariate; yes or no), civil status (partner or single), and educational level. 2) Adjusted hazard ratios were controlled for the same variables as in (1) and, in addition, PSA before treatment with 5-ARI and interactions of PSA with age and previous negative biopsies. These two adjustments provide a lower bound (without PSA adjustment) and an upper bound (with PSA adjustment) on estimates of potential reductions in prostate cancer risk in the exposed group. There was no statistically significant violation of the proportional hazard assumption in any of the adjusted models. The assumption of proportionality was verified by a global test and also visual inspection of Schoenfeld residuals.
We also estimated cumulative incidence curves constructed from stratified Cox models (using the same adjustment as above) with separate baseline hazards for exposed and nonexposed to avoid a fixed and proportional relationship between the curves. As sensitivity analyses, we changed the one-year delay to enter the cohort after the initial PSA test to six and 18 months, and restricted age to 50 to 70 years. The analyses were performed using R and Stata (10) . All 95% confidence intervals are two-sided. The cut-point for statistical significance was less than .05.
All data were stored in a secure database in accordance with ethical committee approval. A regional ethics board approved the study (Regional Ethics Testing Board, Stockholm; EPN DnR 2012/438-31/3).
Results
Of the 333 820 men in the cohort, 23 442 (7.0%) were exposed to 5-ARI at some time during the study period of eight years. Duration of exposure to 5-ARI was 0.1-2 years in 32.1% of the exposed men, 2-4 years in 26.1%, 4-6 years in 28.0%, and 6-8 years in 13.8%. Men treated with 5-ARI were older (mean age at study start ¼ 69 vs 60 years) and had higher PSA prior to entering the cohort compared with men not treated with 5-ARI (mean ¼ 5.0 vs 4.6 ng/mL). A previous negative prostate biopsy was more common among men treated with 5-ARI than among those who were not (16.5% vs 5.8%) ( Table 1 ). The median time between negative biopsy and entry into the cohort was 0.47 years for non-5-ARI users and 0.43 years for 5-ARI users.
In the multivariable analysis without adjustment for PSA, treatment with 5-ARI was statistically significantly associated with a decreased risk of overall prostate cancer from two years of exposure up to the end of the follow-up of eight years (0.1-2 years: HR ¼ 1.00, 95% CI ¼ 0.88 to 1.15, P ¼ .92; 2-4 years: HR ¼ 0.49, 95% CI ¼ 0.41 to 0.60, P < .001; 4-6 years: HR ¼ 0.53, 95% CI ¼ 0.41 to 0.69, P < .001; and 6-8 years: HR ¼ 0.42, 95% CI ¼ 0.22 to 0.81, P ¼ .01) ( Table 2 ). In the second multivariable analysis including PSA, treatment with 5-ARI was similarly statistically significantly associated with a decreased risk of overall prostate cancer, but at all exposure levels. The effect was larger with increasing duration of 5-ARI exposure (0.1-2 years: HR ¼ 0.81, 95% CI ¼ 0.71 to 0.93, P ¼ .002; 2-4 years: HR ¼ 0.39, 95% CI ¼ 0.32 to 0.47, P < .001; 4-6 years: HR ¼ 0.40, 95% CI ¼ 0.31 to 0.52, P < .001; and 6-8 years: HR ¼ 0.31, 95% CI ¼ 0.16 to 0.60, P ¼ .001) ( Table 2 ). For cancers with Gleason Scores of 6 and 7, the same trend was seen with statistically significantly decreased risk of prostate cancer with exposure of 5-ARI from two to six years after adjustment (1) and statistically significantly decreased risk at all exposure levels when adding PSA to the adjustments.
For high-grade cancers with Gleason Scores of 8 to 10, the risk was not statistically significantly changed at any of the exposure levels after adjustments including PSA. However, in adjustment (1) (without PSA), a statistically significantly increased risk was seen after 0.1-2 years of exposure to 5-ARI (HR ¼ 1.56, 95% CI ¼ 1.15 to 2.12, P ¼ .004), but no statistically significantly altered risk was seen thereafter (on the contrary, a statistically nonsignificant protective effect was seen) ( Table 2) . Sensitivity analyses restricted to men age 50 to 70 years did not alter these results materially.
Similarly, cumulative incidence curves of the probability of prostate cancer (overall and Gleason Scores 6, 7, and 8-10) in men treated with 5-ARI compared with men not treated with 5-ARI showed large differences in the overall group and for Gleason Scores 6 and 7. There was no evident difference in men with Gleason Score 8-10 prostate cancer (Figure 1) . Change of the one-year entry delay into the cohort after the initial PSA test to six or 18 months did not alter the association of overall prostate cancer risk and exposure to 5-ARI in sensitivity analyses.
Discussion
In this large population-based historical prospective study, we found a reduced risk of prostate cancer among 5-ARI users. The reduced risk was restricted to cancers with Gleason Scores 6 and 7. No statistically significantly altered long-term risk of prostate cancer with Gleason Scores of 8 to 10 was observed with up to eight years of treatment when adjusting for confounders including PSA. Our results support the use of 5-ARI in daily clinical practice and provide further evidence to the existing literature through wide generalizability compared with previous randomized trials and improved internal validity compared with existing observational studies, as well as a larger study size and longer exposure time.
This is the largest prospective study to assess the association between 5-ARI use and the risk of prostate cancer, and the number of exposed men exceeds the number in all the previous prospective trials taken together. Furthermore, our study has a long exposure time of 5-ARI compared with the existing prospective trials, adding important knowledge to the current evidence as previous research has indicated an increased effect with longer exposure to the medication (11). Additionally, our study contains data on PSA before and after treatment with 5-ARI. PSA is a key variable when evaluating the risk for prostate cancer in men on 5-ARI, as the drug affects PSA levels and PSA is highly correlated to the outcome. We have PSA values on all 333 820 men, including PSA measurements before initiation of 5-ARI exposure in the 23 442 men that were exposed to 5-ARI in our cohort. We were therefore able to control for potential confounding by PSA level before the start of medication.
The aim of our study was to evaluate the safety of 5-ARI treatment for lower urinary tract symptoms in terms of risk for prostate cancer, as opposed to prostate cancer prevention, which was studied in the PCPT and REDUCE trials. From this point of view, our study population is more representative of the population taking 5-ARI in terms of PSA levels and prostate volume compared with the PCPT trial, where all men had a PSA *Total number of exposed and nonexposed do not sum to the total number of patients (n ¼ 333 820) because most men on finasteride entered as unexposed. 5-ARI ¼ 5a-reductase inhibitor.
of less than 3 ng/mL and were free of lower urinary tract symptoms, and the REDUCE trials, where all men had a previous negative biopsy and a PSA of 2.5-10 ng/mL. Clinical practice has changed in these last 10 years, with an increase in the number of biopsy cores and modifications to the Gleason Score (12). Compared with PCPT and REDEEM, our data are more recent and representative of contemporary clinical practice (13) . Furthermore, both the PCPT and REDUCE have been criticized for possible overdetection of cancers because all men were offered an end-of-study biopsy. In the PCPT, 61% of the cancers were detected at the end-of-study biopsy, and in REDUCE 88%. This led to detection of many small and clinically insignificant cancers, and the generalizability of these results can be questioned. In contrast, the majority of biopsies in our cohort were performed because of a clinical indication such as an elevated PSA or abnormal digital rectal exam, resulting in a larger proportion of clinically significant cancers compared with the PCPT and REDUCE trials. Two limitations of our study compared with the PCPT and REDUCE trials are the observational design, leading to systematic differences between men who were treated with 5-ARI, and that there was no standardized, predefined indication for prostate biopsy used in the study. The 5-ARI group could have increased diagnostic activity driven by lower urinary tract symptoms and thus more contact with the health care system. To address this problem, we adjusted for factors influencing how often a man chooses to seek care, such as age, PSA level, previous negative biopsy, civil status, and educational level. Furthermore, an initially higher PSA could also lead to increased diagnostic activity. By using a restriction period of 12 months in our analysis, we reduced the risk that men with prevalent cancers were included in the analysis, which could lead to a falsely increased risk after a short exposure to 5-ARI. The time of exposure after a negative biopsy is a period where incidence of cancer would be expected to be lower. A sensitivity analysis was performed with censoring of all men with a negative biopsy for one year, and the results did not change the overall interpretation of the data.
We lacked data on side effects of 5-ARI treatment, such as urinary and sexual symptoms, and data on prostate volume, which is negatively associated with both 5-ARI treatment and prostate cancer risk. Data on 5ARI exposure included prescription and expedition dates. However, this does not guarantee that the individual took the medication, and the analysis is thus based on an intention-to-treat basis. Furthermore, there is a possibility of loss to follow-up in the data because individuals could have moved outside of Stockholm County during the study period.
Our results of a reduced risk for low-grade prostate cancers among 5-ARI users are in line with the results from the randomized trials PCPT and REDUCE (3, 4) . The results of PCPT and REDUCE also showed an increase of high-grade cancers in 5-ARI users. In our data, this effect was only observed without PSA adjustment in the first exposure level of 0-2 years with 5-ARI (HR ¼ 1.6, 95% CI ¼ 1.2 to 2.1). No statistically significantly altered risk was seen thereafter. Rather, a statistically nonsignificant protective effect was seen after exposure of 2-8 years. Subsequent analyses of the PCPT trial showed that finasteride improves the sensitivity of PSA testing and prostate biopsy for the detection of high-grade prostate cancer through shrinking of the prostate (8, 14) . It is reasonable that the increased risk for high-grade prostate cancer we observed for the first exposure level is explained by this hypothesis. These detected cancers within two years from start of exposure are likely to be prevalent cancers independent of the 5-ARI medication, especially given that we know that these high-risk cancers develop over a long period. However, other hypotheses that could explain the increase in high-grade cancers have also been presented (15) (16) (17) (18) . Additionally, the long-term results from the PCPT trial reinforce these results, showing no increased mortality rate among finasteride users after 18 years of follow-up (9) . Furthermore, a retrospective study by Wallner et al. evaluating 25 388 men treated with 5-ARI was not associated with an increased risk of prostate cancer-specific mortality compared with men treated with alpha-adrenergic blockers (19) .
In an observational cohort study within the Finnish Prostate Cancer Screening Trial (ERSPC), results showed no statistically significantly affected overall prostate cancer incidence in finasteride users compared with nonusers (HR ¼ 0.87, 95% CI ¼ 0.63 to 1.19) (20) . However, incidence of Gleason 2-6 tumors was decreased among finasteride users (HR ¼ 0.59, 95% CI ¼ 0.38 to 0.91), but the incidence of Gleason 7-10 tumors was unchanged. In 2013, Robinson et al. published a nationwide, populationbased case-control study within the Prostate Cancer data Base Sweden 2.0 (PCBaSe). They evaluated 1499 cases and 6316 matched controls who had been exposed to 5-ARI to assess the association between 5-ARI use and prostate cancer risk (11) . Their results showed a decreased risk for overall prostate cancer, which increased with duration of exposure of 5-ARI. The risk was restricted to cancers with Gleason Scores 6 to 7, and there was no statistically significant association in risk of cancers with Gleason Scores 8-10. A limitation shared by the ERSPC and PCBaSe studies is the lack of data on PSA. It is likely that the finasteride users had markedly higher PSA levels prior to being prescribed the drug, which potentially would bias the results in favor of higher risk for finasteride users.
In summary, previous evidence and our results indicate that 5-ARI exposure is associated with a reduced risk of low-grade prostate cancer with Gleason Score 6. Our results also showed a reduced risk for prostate cancer with Gleason Score 7, which is in line with previous observational studies, however, not the two RCTs. The results are contradictory concerning high-grade prostate cancer with Gleason Score 8-10, where our results adjusted for PSA showed no increased risk for high-grade prostate cancer in men receiving 5-ARI, while the two randomized trials PCPT and REDUCE showed a small increased risk. However, our results are in line with the previous contemporary observational studies (11, 20) .
Our results showed that men treated with 5-ARI had a reduced risk of being diagnosed with prostate cancers with Gleason Scores 6 and 7, but showed no statistically significantly altered long-term risk of being diagnosed with prostate cancer with Gleason Scores of 8-10 up to eight years of treatment. Overall, together with the benefits of symptom relief and a decreased risk of surgical procedures, treatment with 5-ARI for lower urinary tract symptoms seems beneficial and safe with respect to prostate cancer risk (21, 22 ). The funders had no role in the design of the study; the collection, analysis, or interpretation of the data; the writing of the manuscript; or the decision to submit the manuscript for publication.
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